In this paper we study the scalar and electromagnetic perturbations of an extended black hole in F(R) gravity. The quasinormal modes in two cases are evaluated and studied their behavior by plotting graphs in each case. To study the quasinormal mode, we use the third order WKB method. The present study shows that the absolute value of imaginary part of complex quasinormal modes increases in both cases, thus the black hole is stable against these perturbations. As the mass of the scalar field increases the imaginary part of the frequency decreases. Thus damping slows down with increasing mass of the scalar field.
Introduction
One of the most exciting discoveries in cosmology after Hubble's discovery of expansion of universe is the accelerated expansion of the universe 1,2 . In order to explain the acceleration, it becomes necessary to modify the existing theory of gravitation proposed by Einstein, ie., the General Theory of Relativity. It can be done in two ways, the first one is to modifying the energy-momentum part of the field equation. This necessitates the existence of an exotic component called dark energy. The cosmological constant is the simplest dark energy model. Since the effect of dark energy can be felt only at large scales there are no experimental supports to it till now. The second approach to explain the observed acceleration of the universe is There are a number of extended theories of gravity in literature. F(R) gravity, Gauss-Bonnet gravity, teleparallel gravity and new massive gravity are some examples of extended theories of gravity. Among them, F(R) gravity is simple and successful 3 .
Even though the F(R) gravity is most simple and comparatively successful, we cannot find out a unified F(R) model which explains both galaxy rotation curves of different galaxies as well as the accelerated expansion of the universe. Some F(R) models like R −1 suffers the problem of ghosts. We must choose an F(R) model that must be stable for different types of perturbations. The different studies towards the quantum gravity show that there must be terms of curvature invariants but there are no curvature invariants in general F(R) theory 4 .
The action of F(R) gravity is obtained by replacing the Ricci scalar R in the Einstein-Hilbert action by a general function of R. Varying the action thus obtained with respect to the metric we get the F(R) field equation, it is a fourth order equation. Comparing the field equation of General Theory of Relativity which is second order, the field equation of F(R) gravity is more difficult to solve. Static cylindrically symmetric interior solutions in F(R) gravity is studied by Sharif et al 5 and Godel solution is obtained by Santos 6 in F(R,T) gravity. Thermodynamics of evolving Lorentzian wormholes is studied by Saiedi 7 . In this work we use a solution originally obtained by Sebastiani et al 8 . Scattering of scalar field in this metric has been studied by the authors 9 .
The quasinormal modes are the characteristic sound of black hole, which was first pointed out by Vishveshwara 10 . Chandrasekhar and Detweller 11 studied the quasinormal modes of Schwarzschild black hole. Since then there are a number of works appeared in this field. For a review on quasinormal modes please see the references 12,13 and references therein. The study of quasinormal modes becomes relevant because it gives a direct way to detect black hole using the gravitational waves. There are a number of methods for evaluating quasinormal frequencies but the WKB method developed by Schutz, Will and Iyer is the simplest 14,15,16 .
The paper is organized as follows. In section 2 we discuss the static spherically symmetric solution in F(R) gravity In Section 3, we study the quasinormal modes of the extended black hole perturbed by electromagnetic field. In Section 4 we study the quasinormal modes of extended black hole using scalar perturbation for massive and massless cases. WKB approximation is discussed in Section 5 and finally in Section 6 Conclusion of the present work is given.
Static spherically symmetric solution in F(R) theory
Starting with the F(R) action as where g is the determinant of the metric and F is the general function of Ricci scalar R. We start with a static spherically symmetric solution. 8 We take F (R) = √ R + 6C 2 and this particular form of F(R) is taken as it gives a valid black hole solution. We take this F(R) as positive, where C 2 is an integration constant. This is chosen either as positive or zero and all terms in the radical are taken as positive. We write the static spherically symmetric solution as 8
With constant β, we get the solution as
where B(r) is given by
Comparing with Schwarzschild-de Sitter solution, the C 2 term in the solution which is the coefficient of r 2 can represent the cosmological constant term. For in this case we choose C 1 = 2αm and C 2 = 0. We choose C 2 = 0 because we restrict our study to a space time which is asymptotically flat 17 . We select C 1 as 2αm such that the metric should be positively related to the mass only in such cases we get the correct Newtonian limit and α is chosen as a length parameter. Thus the extended metric in F(R) gravity is given by 8,9 ,
where m is the black hole mass and α is a length parameter of the metric. The black hole mass is related to the metric linearly and thus we assume a linear mass term with one length parameter. This length parameter can be adjusted to obtain an effective rotation curves of galaxies and gravitational lensing. F(R) is chosen as above because only this form of F(R) will give a static spherically symmetric black hole solution. F(R) models with R −1 , R 2 etc. 18,19 have been studied but they do not possess black hole solution.
Evolution of quasinormal modes-Electromagnetic perturbation
We are studying the evolution of Maxwell field in this extended space time in F(R) gravity. The Maxwell's equation can be written as, where F µν is the electromagnetic field tensor and A µ is the vector potential and vector potential A µ can be expressed as four dimensional vector spherical harmonics 20 ,
where l and m are angular momentum quantum number and azimuthal quantum number respectively. The first column has a parity of (−1) l+1 and the second column has (−1) l . We define the tortoise coordinates as
−1 such that after some mathematical steps, we get the Regge-Wheeler 21 equation as,
with the potential V given by,
where Φ(r) = a lm for parity (−1) (l+1) and Φ(r) = l . Using WKB approximation method given in section.5 we can evaluate quasinormal modes of electromagnetic perturbation. The electromagnetic quasinormal modes are given in Table. 1 
Quasinormal modes -Scalar perturbation
In this section, we study the quasinormal modes of the extended black hole in F(R) gravity perturbed by scalar fields. The metric is given by Eq.(5). Since we are considering the scalar perturbation, we can use the Klein Gordon equation. We consider here both the massless and massive scalar field. The Klein-Gordon equation for a massive scalar field is,
where u is the mass of the scalar field. In order to separate the wave function into radial, temporal, and angular parts, we write Ψ as
Substituting Eq. 11 in Eq. 10 and after straight forward calculation, the radial part is given by
(12) Introducing the tortoise coordinate as dr * = dr 1− 2αm r 2 , Eq.(8) can be written as,
where the potential V(r) is given by Table 2 . Quasinormal frequencies -scalar perturbation. r * ranges from −∞ to+∞ The scalar field perturbation is studied and the corresponding quasinormal modes are obtained and are tabulated in Table. (2). 
WKB approximation method
Using the third order WKB approximation method developed by Schutz and Will 14 and finally modified by Iyer and Will 15,16 , we can obtain the frequency of the quasinormal mode in general as,
where
and
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where α = n + 1 2 , and The potentials given in Eq. 9 and Eq. 14 corresponding to electromagnetic and scalar perturbations are substituted in the WKB formula and obtained the corresponding complex frequencies. The quasinormal frequencies are tabulated in tables. In Table. 1 we give the electromagnetic perturbed quasinormal modes and in Table. 2 the quasinormal modes when the extended black hole is perturbed by the scalar fields.
We have plotted the data in Fig.(1) , for electromagnetic field case and from this figure we can see that the real part of quasinormal frequencies decreases with increasing mode number n for a given angular momentum quantum number l. The  Fig.(2) and Fig.(3) show scalar field perturbations for massless and massive field respectively. In Fig.(1) Fig.(2) and Fig(3) , the top dots are for n = 0. The mode value of imaginary part of frequencies increases rapidly showing that the oscillation is damping and black hole is stable against electromagnetic and scalar perturbations. The absolute value of imaginary frequency increases with mode number showing damping.
Conclusion
In this paper we have studied the quasinormal modes of extended black hole in F(R) gravity. The black hole space-time is perturbed by electromagnetic and scalar waves and behavior of the resulting quasinormal modes are evaluated. The present study shows that the imaginary part of complex quasinormal modes for both cases increase showing damping of oscillations. Thus the black hole is stable against both scalar and electromagnetic perturbations. The damping time increases with increasing mass of the field.
